Purpose: Catquest-9SF is a 9-item visual disability questionnaire developed for evaluating patient-reported outcome measures after cataract surgery. The aim of this study was to use Rasch analysis to determine the responsiveness of Catquest-9SF for corneal transplant patients.
S
ince 1996, the Swedish Cornea Registry has collected clinical data from at least 90% of patients undergoing corneal transplantation in Sweden. With an addition of the 2 Danish centers performing keratoplasty, more than 1000 patients are added to the registry annually. The focus is on visual outcome, but data on graft survival, preoperative risk factors, and postoperative complications are also obtained. Data concerning preoperative status and surgical intervention are collected at the time of operation. Follow-up data reporting on the visual outcome, graft survival, and complications, such as graft rejection, are reported at a single 2-year postoperative follow-up. 1 This time point was chosen because visual rehabilitation after penetrating keratoplasty in most patients should be completed by 2 years. 2 Clinical outcome measures, such as visual acuity, do not necessarily relate to the experience of a patient's ability to manage everyday tasks. To understand more about the actual benefit to patients undergoing surgical intervention with the aim of improving vision, several visual disability questionnaires have been developed, in particular for cataract patients. These questionnaires ask patients to rate their ability to perform a range of tasks set out as a series of questions (items). Examples of visual disability questionnaires include the National Eye Institute Visual Function Questionnaire (NEI-VQF), 3, 4 Activities of Daily Vision Scale (ADVS), 5 the Visual Disability Assessment (VDA), 6 the Vision-Related Quality of Life (VR-QOL), 7 and the Visual Functioning 14 (VF-14). 8 There are also questionnaires created for single investigations. 9 These questionnaires have been shown to be sensitive to clinically meaningful changes after surgery. In many cases, however, the numeric responses to the various questions (eg, 1 = much difficulty; 2 = little difficulty, etc) have simply been added together to give a single score to describe the level of disability of the individual patient. This approach assumes that the patients' responses to the questions depend solely on the ability of patients to perform each particular task (respondent ability) and ignores the level of difficulty of the task (item difficulty): it also implies, incorrectly, that all the questions carry equal weight in the assessment of visual disability and that the differences between the raw scores for each response category are uniformly equal. These failings can be overcome by Rasch analysis, 10, 11 which transforms raw, ordinal scores to an interval scale. Respondent ability and item difficulty are therefore sorted on the same scale, expressed in logit values. These are used to confirm the correct ordering of response categories and ranking of item difficulty and target the respondent mean ability. The logit value is the natural logodds of a positive reaction to an item, where logit = 0 is the mean item difficulty. This analysis also shows how well the questions target the patients' abilities and determines whether the questions measure a single underlying construct or characteristic (in this instance, visual disability).
A comparison of 16 questionnaires used for cataract surgery outcomes found Catquest-9SF to be the most responsive. 12, 13 Catquest-9SF, a 9-item short-form measure, was developed from the original Catquest visual disability questionnaire. 12 Catquest was introduced in 1995 to collect patient-reported outcome data for the Swedish National Cataract Registry before and at 6 months after cataract surgery. 14 Rasch analysis showed Catquest-9SF to be a valid instrument for measuring visual disability outcomes after cataract surgery. 12 We decided, therefore, to investigate whether Catquest-9SF could be applied to corneal transplant patients to find out the true benefit for the patients by combining clinical outcome data with patient-reported outcome measures (PROMs). In a recent study, a Danish translation of Catquest-9SF was used, without specific validation for corneal transplantation, for patients with Fuchs endothelial dystrophy. 15 In this study, we present a formal validation of Catquest-9SF using Rasch analysis to create a linear measure of visual disability in patients who have undergone corneal transplantation primarily to improve vision.
METHODS

Patients
Corneal transplant patients from 3 clinics in Sweden, namely Gothenburg, Stockholm, and Umeå, were included in this study, which adhered to the tenets of the Declaration of Helsinki. Consecutive patients who were above 18 years old and capable of understanding the questionnaire were selected for this study. Because all patients had given consent for their data to be included in the Swedish Corneal Transplant Registry, the Sahlgrenska University Hospital Institutional Review Board judged that further approval was not required. Participants were included regardless of the indication for transplantation and the type of operation (penetrating or endothelial keratoplasty) provided the reason for transplantation was to improve vision. To maintain independence between the preoperative and postoperative groups for the purposes of this validation study, separate groups of patients were selected to complete the questionnaire either before (form 1) or at the routine 2-year postoperative follow-up (form 2). The total number of patients was 398, each group comprising 199 patients. The patients' characteristics are shown in Table 1 . The form 2 group included both surviving (n = 164) and failed (n = 35) grafts, but excluded those regrafted before the 2-year followup was due.
Catquest-9SF
Catquest-9SF includes 7 items about perceived difficulties in performing activities in daily life and 2 global questions about difficulties in general and satisfaction with vision. The questionnaires were answered in Swedish, and Table 2 , therefore, shows an English translation of the items and their respective response categories. As shown in Table 2 , each item has 4 response categories, which are allocated ordinal numeric values. The response categories included an option "Cannot decide," which was treated as missing data. The format and item ordering in the preoperative and postoperative questionnaires were identical.
Rasch Analysis
The fit of the 9 items of the questionnaire (Table 2) to a single construct (visual disability) was assessed by Rasch analysis 11 using Winsteps 3.91.0 (Winsteps.com, Beaverton, OR) applied with a 4-Andrich rating scale model for each question type. 16 Rasch analysis converts the raw ordinal questionnaire scores to a linear interval scale by logit transformation, thereby permitting the use of parametric statistical techniques on the questionnaire data. The scale also allows evaluation of both how well the item difficulty targets person ability and scale validity assessment, especially item and person fit to the overall construct.
Rasch analysis tests the following psychometric properties of the questionnaire: 
RESULTS
Rasch Analysis
The characteristics of the preoperative and postoperative groups were similar for age, sex ratio, and distribution of indications (Table 1) ; but, as anticipated, there was a marked improvement in visual acuity 2 years after transplantation (P , 0.0001). Preoperatively, only 4% of patients had a visual acuity $0.5 (20/40) compared with 43% postoperatively, and the respective percentages of patients with poor visual acuity [#0.2 (20/100)] were 80% before and 38% after transplantation.
The category probability curves in Figure 1 show that the response categories were ordered. The category thresholds were well defined (distance between thresholds $1.4 and ,5.0 logits) and increased monotonically across the rating scale. Table 2 shows the item-fit characteristics. The instrument distinguished well between different levels of patients' ability, the real person separation was 3.09 (expected $2.5) and person separation reliability was 0.91 (expected $0.85). The items in the instrument fitted the Rasch model expectation (infit and outfit MNSQ should be between 0.7 and 1.3): infit and outfit MNSQ were $0.73 for all items and only 1 item had MNSQ .1.3 (item 6: infit MNSQ 1.32, outfit MNSQ 1.35). Principal components analysis of the residuals showed that 68.5% of the variance was explained by the measures. The unexplained variance explained by the first contrast was 1.7 Eigenvalue units ). This demonstrated that the instrument was unidimensional and measured only a single characteristic (ie, visual disability). The responses of the preoperative and postoperative subgroups showed a noticeable difference only for item 2 (satisfaction with vision), which had a DIF contrast of 1.08 logits (expected ,0.5 logits). Item difficulty matched the level of participants' ability. The item-person map (Fig. 2) shows that the instrument was well targeted because the distribution of items matches the range of patients' abilities. The means of the distributions differed by only 0.36 logits (expected #1.0 logits), and the patients' locations were evenly distributed. Figure 3 shows a preliminary example of the use of Catquest-9SF, in which each patient answered the questionnaire both before surgery and at the 2-year follow-up. The figure compares preoperative and postoperative Rasch scores for the indications keratoconus, Fuchs endothelial dystrophy, pseudophakic bullous keratopathy, and a mixed group of other indications. For all the indications, the Rasch score is lower after corneal transplantation compared with before surgery, showing improved visual ability.
DISCUSSION
The clinical outcome after corneal transplantation, be it penetrating or lamellar, depends mainly on recipient factors, such as indication and preoperative risk factors; however, actual benefit as perceived by patients is not necessarily revealed by clinical outcome measures and may vary between individuals with seemingly similar clinical outcomes. Many questionnaires have been developed to collect PROMs mainly from patients before and after cataract surgery. 13 In our search for a suitable questionnaire for patients undergoing corneal transplantation, we chose to validate Catquest-9SF. It is well established for cataract surgery, short (only 9 questions), and therefore, well suited for clinical practice. It has also been shown to be highly responsive to cataract surgery. 12 The application of Rasch analysis provides greater insight into internal consistency through fit of the items to the model and scoring of patient ability on a valid interval scale. This improves the precision of the instrument and results in more meaningful interpretation of scoring and reduces the sample size required to find significant differences when applied to actual outcome studies.
It was important in this study to have independent groups of patients answering the preoperative and postoperative questionnaires to avoid introducing bias that would have undermined the validation exercise. Clearly, in a study to investigate the benefit of surgery, each patient would need to complete the form before and at a specific time point after the transplant operation (eg, Fig. 3 ).
In our study, Rasch analysis showed that the responses to each question were well defined (ie, not overlapping). The instrument was unidimensional: it measured a single underlying construct (visual disability) because nearly 70% of the variability in responses could be explained by the Rasch model and the Eigenvalue of the first contrast was ,2.0. The unexplained 30% of variance includes randomness in the Rasch model and indicates a low level of multidimensionality in the instrument. The analysis showed good measurement precision with high sensitivity and reproducibility. The items in the instrument fit the Rasch model expectations, which means that the difficulty level of the questions was appropriate for the patients. The responses of the preoperative and postoperative subgroups showed a noticeable difference (DIF) only for item 2. This item concerns patient satisfaction with vision and because the percentage of patients with good visual acuity was rather higher in the postoperative group than in the preoperative group (P , 0.0001), a difference in the patient response to this question between both groups was not unexpected. The improvement in visual acuity depends on the indication for transplantation 1 ; however, the distribution of indications was similar in both groups (P = 0.5). Finally, item difficulty matched the level of patients' ability, which is shown as an even spread of results in the item-person map (Fig. 2) .
Rasch analysis showed that Catquest-9SF is a very suitable questionnaire for patient-reported outcome measurements in patients undergoing corneal transplantation with the aim of improving vision. In a preliminary analysis in which each patient answered the questionnaire both before and 2 years after transplantation, the Rasch score was lower after transplantation, meaning improved visual ability, for all the indications (Fig. 3) . 17 For comparison, preoperative and postoperative Rasch scores of cataract patients have been FIGURE 1. Category probability curves: A, items 1 and 3-9; B, item 2. Each line represents a response category: for A, red is "yes, very great difficulty," blue is "yes, great difficulty" lilac is "yes, some difficulty," and black is "no, no difficulty"; for B, red is "very dissatisfied," blue is "rather dissatisfied," lilac is "fairly satisfied," and black is "very satisfied." The intersections (category thresholds), where there is an equal probability of a patient choosing 1 of 2 adjacent response categories, were evenly spaced, differing between 1.4 and 5.0 logits.
reported as 0.28 logits (range 25.79 to 5.38) and 23.61 (range 25.79 to 0.78), respectively. 18 Visser et al 19 give further practical guidance on using Catquest-9SF, including a quick access table for the clinical interpretation of Catquest-9SF scores.
In future studies of corneal transplant patients, additional factors such as sex, age, and comorbidity in the grafted or fellow eye should be included. This instrument could be of particular use in controlled studies comparing different keratoplasty techniques. Based on our validation study, the Swedish Cornea Registry steering group has endorsed the use of Catquest-9SF to complement clinical outcome measures with PROMs and broaden the overall understanding of the factors influencing the corneal graft outcome.
